Near-infrared reflectance spectra of the lunar highlands are synthesized to obtain global information about the composition of the lunar near-side crust. Immature exposed surfaces from small fresh craters, mountains and massifs, and large craters with central peaks are included in a survey of rock types across the lunar near side. Compositions recognized in these data include anorthosite, noritic, gabbric, and troctolitic mineral assemblages. Three quarters of the areas studied that represent samples from the upper 1-2 km of lunar crust exhibit noritic compositions with different amounts of pyroxene and/or brecciation alteration. Norites are ubiquitous across the near side and show no spatial clustering associated with any of the major basins. In contrast to this noritic megaregolith of the upper crust, material representing stratigraphically deeper zones (5-15 km) of the lunar crust is dominated by gabbros, anorthosites, and troctolites, with less than a quarter of the areas studied exhibiting a noritic composition. The origin of the noritic megategolith and its relation to deeper crustal material is thus somewhat of an enigma. The current limited statistics for areas identified as anorthosites and troctolites are insufficient to derive global spatial distributions. Gabbroic areas, however, are notably concentrated in the western hemisphere. Although incomplete for a global assessment of crustal materials, these data demonstrate that the lunar near-side crust is clearly mineralogically heterogeneous, both laterally and vertically, and not well mixed below 1-2 km.
The most appropriate classification of returned lunar high-.land rocks was not immediately apparent to all lunar chemists, petrologists, and geologists and resulted in an expanding profusion of partially synonymous terms. The complex brecciated form of the majority of returned highland rocks required a classification that could convey the normally multicomponent nature of these samples. An Apollo 16 breccia which exhibits typical mineralogic diversity from multiple impact events is shown in Figure 2 . An extensive literature exists on the details of breccia types, although usage in the literature has not been uniform until recently. A good summary of the common terms used to describe the structure and texture of highland breccias has been compiled by Taylor [1982] .
Currently, terms preferred by most lunar geochemists to describe the bulk mineralogy of highland rocks and breccias are those summarized by $toffier et al. [1980] , which are defined by the amount of the major mafic mineral present in a mixture with plagioclase. In this classification the less dominant species is used as an adjective to describe the rock type: >90% plagioclase (anorthosite); between 10% and 22.5% mafic (orthopyroxene, clinopyroxene, or olivine), with the remainder plagioclase (noritic anorthosite, gabbroic anorthosite, and troctolitic anorthosite, respectively); between 22.5% and 40% mafic, with the remainder plagioclase (anorthositic norite, anorthositic gabbro, and anorthositic troctolite, respectively); more than 40% mafic (norite, gabbro, and troctolite, respectively). Additional adjectives may be used to describe the relative proportions of important incompatible elements (for example, enrichment or depletion of potassium and rare earth elements.
Many current characterizations of the composition of the lunar crust discuss more idealized suites of rock types that are presumed to represent the primary constituents of the lunar crust independent of the effects of the intense early bombardment and brecciation. A number of such "pristine" lunar samples have been identified as fragments within the collection, providing important constraints on the nature of the lunar crust. Three components of this primordial lunar crust, each with a different possible origin, are summarized by Taylor [1982] , largely from the detailed sample work of P. H. Warren et al., O. B. James et al., and others: First are the anorthosites (or ferroan anorthosites), composed almost entirely of high-Ca plagioclase feldspar (> 90%). These rocks would "float" in the hypothesized cooling magma ocean and could represent the earlier crust Wasson, 1980, 1977] . Second is the Mg-rich suite, including significant components of norites, troctolites, dunite, and anorthositic gabbros. These more mafic rocks exhibit a range of plagioclase content, generally < 75%. They are often referred to as plutonic in nature and described as originally occurring as layered plutons within the anorthositic crust [James, 1980; Warren and Wasson, 1980] . Alternatively, both the ferroan anorthosites and the Mg-rich suite could have been produced by massive amounts of serial magmatism during early crustal formation [Walker, 1983] . Third is KREEP (or Fra Mauro Basalt), evidenced by high REE, Th, of rock types, values for the average composition of the lunar crust will become better known.
SPECTRAL REFLECTANCE STUDIES
Throughout the Apollo era, spectral reflectance measurements were being investigated as an additional tool to determine surface composition remotely through identification of mineralogical components from the spectral analysis of reflected light. Absorption features characteristic of specific rockforming minerals occur in reflected light from 0.35 to 2.5 #m and are documented and discussed by Adams [-1974, 1975] and by G. R. Hunt and J. W. Salisbury (summarized by Hunt •1977 Hunt • , 1982 ). Bidirectional reflectance measurements were made of the lunar surface using telescopic instruments, and diffuse reflectance measurements were made of returned lunar samples using laboratory spectrometers. At that time, laboratory reflectance measurements were more precise and were possible for broader spectral coverage and resolution than were the telescopic measurements for small areas on the moon about 20 km in diameter. The visible and near-infrared reflectance properties of returned lunar samples were analyzed and compared to extended visible telescopic spectra of small lunar areas in a series of papers by Adams and McCord [1970 , 1971a , b, 1972 , 1973 . A fundamental result of these exploratory studies involving all landing sites was that the telescopic reflectance measurements of undisturbed surface areas correspond directly (within the precision of measurement) to laboratory measurements of returned mature soils. This "ground truth" documentation provided essential verification that reflectance measurements obtained remotely are comparable to laboratory measurements and hence can be interpreted in the same context. From these early reflectance studies of returned lunar samples it was readily recognized that the spectral properties of lunar rocks or crushed lithic fragments were notably different from the spectral properties of mature surface soils McCord, 1972, 1973] . Mature soils contain mineral and lithic fragments from local rock types, but they also contain up to about 70% dark absorbing agglutinates, complex glasswelded aggregates thought to be accumulated by the repeated bombardment and gardening of the surface by micrometeorites [e.g., Heiken, 1975] . The amount of agglutinates increases as a soil matures in the lunar surface environment, with a freshly exposed surface containing the fewest. Agglutinates were found to dominate the reflectance properties of returned lunar soils [e.g., McCord, 1971a, b, 1973] . The spectral effects of increasing agglutinate content of a soil lowers the albedo, steepens the reflectance continuum slope toward the near infrared, and lowers the spectral contrast of absorption features from mineral constituents. Since the surfaces of all areas except fresh craters consist of mature soils, most of the early lunar reflectance studies concentrated on deriving information from surface soils. A large fraction of reflectance data available for lunar material (collection of J. B. Adams) are for lunar soils of varying degrees of maturation.
An early telescopic survey of the reflectance properties of many highland and mare areas (using detectors limited from 0.3 to 1.1 /•m) clearly distinguished the spectral properties of mare and highland soils and craters [McCord et al., 1972a, b] . The material excavated by the large crater Copernicus, located in a near-side mare area, was shown to be of highland composition rather than mare, thus providing one of the early clues that the mare was not very thick for that part of the moon. Mare soils exhibited abundant variation in the visible part of the spectrum, due largely to their differences in TiO,_ content (summarized and mapped in a more detailed study of mare basalt types by Pieters [1978] ). The notable spectral variations of basaltic mare soils in the visible spectrum allowed their spatial extent to be easily defined with multispectral imaging techniques [Whitaker, 1972; McCord et al., 1976 ; E. A. Whitaker, personal communication, 1978] . With only a few exceptions, however, the highland soils appeared remarkably similar to each other in spectral characteristics with these early telescopic studies. Small spectral differences were detected for highland soil surfaces, but since these differences were often smaller than variations due to viewing geometry, no global maps of highland units comparable to those produced for the maria were possible at that time. Highland craters, on the other hand, exhibited sufficient variation to allow an initial classification to be developed on the basis of spectral properties [Pieters, 1977] . These limited extended visible spectra were primarily used to classify surface types, but only a minor amount of mineralogical information could be derived directly from the telescopic spectra of highland surfaces.
Simultaneously, laboratory studies that extended into the near infrared were being pursued for selected returned lunar rocks and breccias [e.g., Adams and Charette, 1975] . A preliminary summary of the near-infrared reflectance characteristics of returned lunar highland rocks was prepared by Charette and Adams [1977] and is shown in Figure 3 [1985] , and numerous abstracts of work in progress by various permutations of these researchers. The instrument and observational techniques used for these studies and the data discussed in the following sections concerning lunar crustal composition are described in detail in the appendix.
Selective, but typical, near-infrared spectra of small lunar areas (5-10 km in diameter) are shown in Figure 5 . All data are presented as scaled reflectance spectra (scaled to unity at 1.02 #m) since absolute albedo information is essentially lost during the calibration processes (see the appendix). The scaled reflectance spectra on the left exhibit the typical steep continuum slope (overall increase of reflectance toward the infrared) observed for lunar particulate material. To examine the nature of the weak absorption bands near 1 #m, the continuum slope was estimated as a straight-line tangent to the spectrum (usually near 0.73 and 1.6 #m); the ratio of the spectrum/continuum allows the superimposed features to be studied separately.
Each crater and soil in Figure 5 was chosen to be from the same geologic region to represent freshly exposed material and mature soil from the Apollo 16 area, the Apollo 14 area, and central Mare Serenitatis. The Apollo 16 spectrum of mature soil was measured in the laboratory by J. B. Adams; the spectrum has been smoothed and sampled at the same wavelengths as the other spectra obtained with an earth-based telescope. The Apollo 16 mature soil is an essential part of calibration for the telescopic spectra (see the appendix).
The spectra of Figure 5 For both the highlands and the maria the greatest spectral contrast occurs for spectra of freshly exposed surfaces. Since mature lunar soils are dominated by the dark agglutinitic alteration products, the absorption bands of soils are substantially weaker and thus more difficult to accurately measure. Although distinct differences in band strength and band center can be noted between the soil spectra of Apollo 14 and Apollo 16, these characteristics (which are controlled by differences in mineralogy) are more reliably measured and compared from the crater spectra. With data derived from earth-based instruments the most readily detectable mineralogical information applicable to the study of crustal composition thus comes from areas where rocks or rock powders are exposed or abundant. Examples include fresh craters, since they are areas where mature soils have not had time to develop [McCord et al., 1972b; Pieters, 1977] , and mountains or massifs, since they also have not accumulated mature soils because of their steep topography. The remaining sections of this review will concentrate on the analysis of such telescopic data accumulated over the last several years.
An important cautionary note concerning the difference of scale between laboratory and telescopic measurements was made by Adams and Charette [1975] and should be carefully considered when comparing the remote measurements with laboratory materials. The remote measurements are derived from at least a few kilometers of surface area, integrating the properties of all components into one measurement. The laboratory measurements concentrate on a single lithology or chip on the centimeter scale. The only way the two can be comparable is if one lithology strongly dominates the region measured by the remote observations and the physical form of material for the two measurements is similar. There has been no problem comparing laboratory and telescope lunar soil spectra, since the soil formation process is itself a homogenization process. The returned samples of soil are representative of large regions observed remotely. The multicomponent breccias from the highlands, such as 60019 shown in Figure 2 , present additional complexities, since it is not only difficult to describe the bulk mineralogy of the whole rock, but it is equally difficult to obtain a representative spectrum of the sample. The use of laboratory spectra of highland rock types as ground truth for the spectra of fresh highland craters will require a more systematic measurement of highland rock type end-member components, an estimation of the effects of physical properties for surface materials, and the development of appropriate mixing models to be used with remote reflectance measurements. The importance of such detailed studies has been recognized over the last several years, and specific topics are being pursued by research groups involved in geological applications of spectral reflectance measurements.
NEAR-INFRARED SPECTRA OF EXPOSED CRUSTAL MATERIAL
Discussion of near-infrared spectra for craters and mountains of the lunar highland crust is divided into two parts. This section includes a summary of the data available, a description of the spectral characteristics of distinct highland near-surface rock types, and the mineralogical interpretation of these observed rock types. The following section contains a discussion of the implications of these data and an analysis of the vertical and lateral distribution of crustal rock types represented by these data.
The areas examined in this survey, grouped according to compositional properties (see below), are listed in Tables 1 and  2 and include small fresh craters in the highlands, steeply sloped highland mountains or massifs, and central peaks and walls of large craters. Many of these areas have been discussed in earlier publications (references in section 3). All areas have a higher albedo than surrounding material and are thus inferred to contain immature soils and/or freshly exposed rocks and lithic fragments. The largest class of immature surfaces studied are fresh craters 5 to 15 km in diameter (indicated as "cr" in the seventh column of Table 1 ). Since the telescopic measurements cover an area 4-10 km in diameter, usually only the rim of craters 15 to 40 km in diameter was measured (indicated as "rm"). Mountains or massifs are a separate class of surfaces and are indicated as "rot" in Table 1 . The central peaks of large craters expose material from a deeper stratigraphic layer than do the small craters and mountains (see below) and are thus analyzed separately (Table 2) . Interior walls associated with these large craters (which could be a mix of upper and lower stratigraphic units) are indicated as "w" in Table 1 .
Near-surface rock types identified from these telescopic spectra are discussed using some of the same mineralogical descriptions as those used for the returned lunar samples (section 2), although the proportion of mineral constituents are currently only roughly constrained. Identification of specific probably in a regular manner. Until the additional laboratory and modeling work which will provide the desired calibration for lunar mineral abundances is completed, the rock type classification used here for the telescopic spectra is restricted to a somewhat more general scheme than the one used to describe returned lunar samples.
This discussion of highland crustal rock types is based on the analysis of observed spectral absorption features for individual lunar areas. It should be emphasized that the spectal reflectance of each of these lunar areas, however, is not necessarily comparable to the reflectance of individual laboratory samples of the same nominal composition. Although the nature of spectral features for specific mineral assemblages can certainly be easily recognized, the telescopic and laboratory spectra of Figures 6-15 and 3 , respectively, are not expected to "match" in the strictest sense because of significant differences in physical characteristics (particle size, distribution of particles, etc.), probable differences in proportions of components in a complex mixed sample, and possible effects from differences in exposure to the lunar surface environment (solar wind and micrometeorites). 
Small Craters and Mountains
The variety of distinct compositional groups of highland crustal material derived from near-infrared spectra is summarized in Table 1 . c,sox.us,su. c .
• It is appropriate to reiterate the relation of existing laboratory near-infrared reflectance measurements of returned highland samples (Figure 3 ) and these remotely obtained nearinfrared spectra of small exposed crustal areas (Figures 6-15) . Even though the scale of the measurements made for the laboratory and telescopic data is different by a factor of almost 10 a, both contain compositional information that can be readily identified (orthopyroxenes, clinopyroxenes, Fe-bearing plagioclase, olivine, etc.). On the basis of the characteristic absorption bands for known minerals, distinct rock types have been identified here for surface areas using the telescopic spectra. Specific rock types of the returned lunar samples similarly display a combination of absorption bands characteristic of the minerals present. Two of the most prominent and regular spectral parameters of the telescopic data, continuum slope and strength of absorption bands, are strongly affect6d by the physical form of the surface material (particle size, size distribution, compaction, etc.) and viewing geometry of the measurement. Since neither of these parameters were controlled in the initial laboratory studies of lunar samples by J. B. Adams, the infrequent correlations, or direct matches, be{ween the sample and the telescopic spectra of similar composition are not surprising. Fortunately, identification of characteristic mineral absorption bands is relatively independent of these physical parameters. In addition to detecting absorption bands, and inferring the presence of specific minerals, absorption strength (sensitive to modal mineralogy) can be measured precisely for the telescopic spectra. A more precise quantification of modal abundances from measured spectral parameters, however, requires more extended and controlled data from laboratory measurements and coordinated analytical techniques that extract abundance information about individual components. Such studies are currently being instigated by a variety of investigators in preparation for anticipated geochemical missions to the moon and planets.
It was unexpected, nevertheless, to find lunar areas a few kilometers in extent that are completely dominated by rock types which often, occur only as minor fragments a few centimeters in size in the sample collection (the troctolite, for example, forming Copernicus' three central peaks). The early intense bombardment of the lunar crust and the multiple phases of brecciation frequently observed in the sample collection had suggested the upper lunar crust was well mixed and possibly homogeneous with depth. The mineralogical data presented here for the near-side hemisphere show that this cannot be the case on a lateral nor a vertical scale of tens of kilometers.
Most small a.reas of freshly exposed crustal material not associated with large craters on the lunar near side exhibit a remarkably similar composition. Three quarters of the small craters and mounta{ns studied (Table 1) N-l, N-2, and N-3) . If the depth of excavation is estimated to be _<•0 the crater diameter, these rock types represent the dominant composition of the upper 1 km of thenear-side lunar crust. Only about a quarter of the areas studied representing this upper kilometer (Table 1) In order to address additional questions raised by these data, the distribution of these various near-surface rock types must be examined. A sketch map showing the locations of all the areas studied (coordinates listed in Tables 1 and 2) is presented in Figure 16 . The locations of major basins are outlined according to their stratigraphic age [Wilhelms, 1985; Whitaker, 1981; Wilhelms and McCauley, 1971] . Although the number of freshly exposed surfaces that can be measured with earth-based telescopes is somewhat limited, the total distribution encompasses many of the major highland areas on the lunar near side. In Figure 17 the distribution of individual rock types has been separated. Areas included in both Table 1  and Table 2 •. These distributions of compositional rock types document the complexity and lateral heterogeneity of the lunar crust. They do not, however, illuminate what is in fact still a major observational paradox: On the other hand, the composition of the megaregolith is relatively homogeneous with noritic material being the dominant near-surface rock type. The deeper (5 to 15 km) crustal material, on the other hand, is not only compositionally very heterogeneous (gabbros, anorthosites, minor norites, and troctolites) but because of the observed major differences in proportion of rock types, cannot be the direct parent of the megaregolith.
Given this dilemma, a few possible solutions should be proposed to be tested. They fall into two categories: one emphasizes our limited knowledge about the early evolution of the moon, the other our limited technical capabilities in measuring and interpreting new data. Acceptance of the implications of these data indicates that contrary to common assumptions the upper lunar crust is clearly stratified, as was argued by Ryder and Wood [1977] . The compositional stratification of the highland crust observed in these reflectance data is an uppermost zone ( these'hypotheses probably play a partial role in accounting for the observations (except perhaps late stage accretion, which would be inconsistent with the ages of the known suite of lunar samples). Which hypothesis is the dominant explanation for the difference between the upper megaregolith and the rest of the lunar crust has yet to be determined and will certainly require more complete global geochemical data.
SUMMARY AND CONCLUSIONS
Remotely sensed spectral reflectance data used to infer the mineralogical composition of the near-side lunar highland crust have been synthesized and discussed in the previous sections. New compositional information is derived that supplements and expands the knowledge obtained from returned lunar samples. A few highlights are worth reiterating.
1. Characteristic absorption features for spatially extensive surface compositions can be identified in spectra for both soils and freshly exposed material. The most readily detected minerals include orthopyroxene (lo-Ca), clinopyroxene (hi-Ca), olivines, plagioclase, and Fe-bearing glass. The strength of absorption bands, an essential measurement for mineral abundance estimates, is most prominent for freshly exposed material. For mature soils the strength of absorption features is greatly reduced because of the presence of absorbing agglutinates created during regolith formation.
2. For unsampled areas of exposed immature crustal material, largely craters, the average mineral compositions observed are generally comparable to rock types that can be identified in the lunar sample collections. A variety of noritic, gabbroic, anorthositic, and troctolitic compositions, some of which are only found as minor fragments in the lunar sample collection, are all found as distinct near-surface rock types occurring as compositional units that are spatially at least as extensive as the scale of the observations (5-15 km).
3. The mineral assemblages observed for three quarters of the areas studied that sample the upper 1-2 km of the nearside lunar highland crust (the megaregolith) are noritic in composition, the major mafic mineral being low-Ca pyroxene. Three subgroups are identified that are distinguished from each other by pyroxene abundance or characteristics that are commonly dependent on physical properties (such as degree of brecciation, amount and type of matrix, and effective particle size). All three noritic subgroups are intermixed spatially across the near-side highland crust. 7. The lunar near-side crust is thus both laterally and vertically distinctly heterogeneous in composition. Although the composition of the uppermost portion of the highland crust, the megaregolith, is dominated by one mineralogical rock type, the lunar crust is not well mixed below 1-2 km in spite of the extensive impact record.
As new information for the lunar crust has become available, lunar scientists have relearned a familiar truth concerning exploration of the unknown: the complexity of answers to a geological, geochemical, or geophysical question is dependent on the amount of information about the subject. The simple magma ocean models originally proposed for the origin and composition of the lunar crust are clearly inadequate to describe the diversity of lunar materials observed across the lunar near side. The more complex models invoking layered plutons within an anorthositic crust [e.g., James, 1980; Warren and Wasson, 1980] are probably more realistic. To be consistent with the mineralogical information discussed above, the scale of the plutons would have to be at least several kilometers, and an origin for the plutons that accounts for the range of compositions observed would need to be developed. Similarly, the relation of the megaregolith to the complex underlying crust and the early impact record needs to be clarified. Resolution of these unknown relationships are dependent on a global assessment of lunar materials. They underline some of the fundamental unanswered questions about the formation and early evolution of the moon. As the moon is explored in more detail over the next decade by spacecraft with sophisticated sensors, a more complete and thorough understanding of earth's nearest neighbor will emerge. When the unknown becomes familiar and commonplace, the current questions will have been answered or found to be unimportant and will certainly be replaced by new questions that may then be directed more toward utilization than exploration.
APPENDIX: DATA ACQUISITION TECHNIQUES
An ongoing data acquisition program has been underway for the last several years to obtain near-infrared reflectance spectra from 0.65 to 2.5 #m for small (3 to 10 km diameter) areas on the lunar surface. About 350 independent reflectance spectra have been acquired and processed for about 210 areas (some areas were measured on different nights or different lunations). All data were acquired using telescopes at Mauna Kea Observatory (MKO) on Hawaii, which is located at an elevation of almost 14,000 feet (4200 m). This is one of the few earth-based observatories that provides two essential conditions for this type of data: (1) sufficiently low atmospheric absorption, especially in near-infrared water bands, to allow an adequate signal for a continuous spectral measurement to 2.5 #m (see, for example, McCord and Clark [1979] ) and (2) good to excellent "seeing" (a term in astronomy used to describe the general turbulence of the earth's atmosphere that limits the clarity and resolution of an image). versity of Hawaii/NASA 2.2-m (88-inch) telescope, using either a floor f35 secondary mirror. The highest spatial resolution (,,,3km) required exceptionally still atmospheric conditions, ß using a small spectrometer aperture at f35 near full moon when the reflected flux is highest. Only about 5% of the data were obtained under these optimal conditions. About a third of the spectra were measured using a 60-cm (24-inch) telescope. These lower spatial resolution data, obtained early in the program, concentrated on soils in the maria which are relatively homogeneous at the observed scale.
The near-infrared spectrometer used for these measurements was developed by T. The raw data are converted to reflectance measurements through a data processing sequence that includes the use of laboratory reflectance measurements of a carefully chosen returned mature soil from Apollo 16 (62231). The use of lunar soil .as a calibration standard has been found to be more accurate for telescopic reflectance measurements than using "solarlike" stars or stellar models [Nygard, 1972] . Data processing to derive the spectral reflectance of area X can be The first flux ratio of this sequence, a relative reflectance measurement, provides atmospheric and instrumental calibration but still includes observational and statistical errors of repeated measurements. The precision of the reflectance data depends on this ratio, which in turn also depends on the observing conditions and the number of times an independent measurement is made. The second ratio, laboratory measurements of 62231, is quite precise (<«%). The laboratory standard, halon, has been calibrated by the National Bureau of Standards (NBS) as an absolute reflectance standard with reflectance values of 97% to 99% in the near infrared (1975 NBS test 232.04/213908). Since albedo data are not derived in this process, lunar reflectance data are scaled to unity at an appropriate wavelength, usually at 1.02 #m for the nearinfrared data since there are no major atmospheric absorptions at that wavelength.
There are three major sources of error that are not easy to separate for these reflectance measurements. The first is statistical and is dependent on the sensitivity and stability of the detector. Normally, this source of error is the smallest and is less than 1% after averaging four to six measurements. The second is atmospheric transparency and stability. This is not only often the largest source of error, it is also the least predictable and controllable. The procedure described above eliminates most of the systematic atmospheric variations, but nothing can effectively be done about the smaller-scale atmospheric turbulence that earth-based telescopes must tolerate. The third source of error arises from the difficulty in repositioning the telescope at precisely the same lunar location for each observation and keepng it pointed at that same location (within a fraction of an arcsecond) throughout the measurement. For surfaces that contain significant small-scale albedo variations these pointing errors can create signal variations that mimic spectral variations (since they are measured sequentially). The error bars normally plotted with a measured reflectance spectrum are the statistical variation (standard deviation) between repeated measurements of the object area and the standard area during the night. The error bars thus only measure the random nature of the errors and are not sensitive to any slightly systematic or discontinuous variations that occurred over the period of the measurements (about 1.5 hours). For complex surface areas it is thus important to have more than one completely independent measurement of the spectrum.
Data analysis utilizes the scaled reflectance values from this processing. Virtually all lunar telescopic spectra exhibit a continuum that increases toward longer wavelengths. Since most lunar mineral absorption bands are weak and superimposed on this continuum, an early step in data analysis includes the estimation and removal of the overall continuum slope, allowing the residual absorption features to be examined in more detail. For all the data presented here (and in publications since 1980) the continuum around the 1-#m absorption features is estimated as a straight-line tangent to the spectrum (usually near 0.73 and 1.60 #m). The ratio of the reflectance spectrum to this continuum provides a residual reflectance spectrum that enhances the mineral absorption features near 1.0 #m.
Most lunar spectra from the highlands exhibit a change of continuum slope near 1.6 #m. A second less steep continuum normally should be estimated to examine the nature of features near 2.0 #m. Although this can easily be done for laboratory samples, the telescopic measurements may include a minor (< 10%) thermal component of radiation increasing beyond about 2.2 #m when the lunar area and the standard area are observed at greatly different illumination (heating conditions). This thermal component can mimic variations on the weak 2.0-#m pyroxene absorption band and must be pre-cisely and accurately determined before the band center can be estimated. Removal of the thermal component, which varies with position of the subsolar point on the lunar surface, is theoretically possible [e.g., Clark, 1979 ], but reliable estimations of the proportion of thermal flux at 2.5 #m require accurate determination of the temperature of lunar areas when reflectance data were obtained. Preferably, the temperature of an area should be measured at the same time the reflectance is measured.
